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(54) Refiner disc and method 

(57) A refiner disc and segment for a rotary disc fiber 
refiner which has a plurality of radial fields each having 
an angular extent no greater than 30° and preferably no 
greater than 22° forreducing the amplitude and duration 
of load swings that take place during pumping and hold- 
back cycles. Each field has a refining zone with a refiner 
groove and a refiner bar and a second zone disposed 
radially outwardly of the refining zone that changes the 
direction of flow of stock to reduce stock flow momentum 
and magnitude of the load swings. Each field can have 
a third zone radially outward of the second zone that 



further changes the direction of flow of stock and an in- 
feed zone radially inwardly of the refining zone, if de- 
sired, a zone that includes a breaker bar can be dis- 
posed radially inwardly of the infeed zone. Where the 
disc is segmented, the segment has at least three fields. 
In one preferred embodiment, the segment has at least 
four fields which reduces the duration and magnitude of 
load swings by at least 40% thereby reducing refiner vi- 
bration and wear while advantageously increasing con- 
sistency of pulp quality and throughput. The disc and 
segment are capable of bi-directional operation without 
loss of efficiency, quality, and throughput. 



ML2 



ML 3 



CM 

< 

CM 
CO 
O) 

00 

§ 



Q. 

UI 




Fig.4 



Printed by Jouve, 75001 PARIS (FH) 



1 



EP 1 088 932 A2 



2 



Description 

Field of the Invention 

[0001 ] This invention relates to refiners which prepare s 
fibers for use in paper-based products including paper- 
making, to rotary disc refiners in particular, and to a re- 
finer disc and method of refining using a refiner disc that 
is capable of bi-directional operation. 

10 

Background of the Invention 

[0002] For papermaking purposes, wood chips, or an- 
other fiber source, are ground into smallerchips, or me- 
chanically treated, so that the chips may be broken 15 
down further and refined preferably into individual fibers. 
After refining, these individual fibers are used to make 
paper or paper-related products, such as paper cups, 
paper plates, toilet paper, paper towels, diapers, and 
other products that can be absorbent. so 
[0003] Disc refiners are used to break down clumps 
of fibers into individual fibers. A disc refiner typically uti- 
lizes pairs of opposed refiner discs. A refiner disc is a 
disc-shaped steel or steel-alloy casting, which has an 
array of generally radially extending bars or upraised 25 
ridges formed in its refining face or refining surface. The 
refiner disc may be formed of one or more continuous 
annular discs, or may instead be formed of a plurality of 
refiner disc segments arranged to form a ring or annu- 

[0004] One refiner disc is mounted on a rotor for ro- 
tation and the other disc is mounted on another mount- 
ing surface opposed to the first refiner disc such that 
both discs face each other and are very close to each 
other. The other mounting surface may, for example, be 
a mounting surface that does not move during refiner 
operation or another rotor, which turns in a direction op- 
posite the first rotor. As wood pulp passes between the 
opposed refiner discs, relative rotation between the op- 
posed discs desirably refines the pulp. 
[0005] Many commercial refiner discs are unidirec- 
tional, that is, designed to be rotated only in one direc- 
tion, or to be stationary and oppose a refiner disc that 
is rotated only in one direction. Each upraised bar of 
each disc has a leading edge on one side, where cutting 
or fibrillation of the fibers being refined primarily occurs, 
and a trailing edge on the other side. As a result, the 
leading edge of each bar wears much more quickly than 
the trailing edge. When too much wear occurs, pulp 
quality and efficiency dramatically decrease until the re- 
finer disc must be replaced. 

[0006] While it might seem logical to simply reverse 
rotation when the leading bar edges become worn to 
take advantage of the relatively less worn trailing edges, 
the bars are angled for rotation in only one direction. 
When unidirectional discs are reversed, which inevitably 
happens, refining costs rise because refining quality and 
efficiency suffer. Significantly more power is required to 



refine the pulp to the desired pulp quality, if the desired 
pulp quality can even be achieved. Moreover, rotating a 
unidirectional disc the wrong direction in secondary or 
rejects refining applications reduces throughput and ef- 
ficiency and can destroy fiber strength. 
[0007] Bi-directional refiner discs are designed to be 
rotated in either direction with the desired goal of ex- 
tending disc life. Because they are designed to be rotat- 
ed in either direction, adjacent radial fields of angled 
bars are symmetrical and mirrored about a radial line. 
During typical use, a bi-directional disc is rotated in one 
direction, or faces another bi-directional disc rotating in 
one direction, for a certain period of time until the leading 
edges of the bars become worn. The direction is then 
reversed causing the much less worn and previously 
trailing bar edges to become the leading edges. 
[0008] FIG. 2 depicts a prior art segment of a bi-direc- 
tional refiner disc that is made up of 4, 6, 8, 1 0, or 1 2 of 
these segments. The segment has two fields, I and II, 
that each have upraised bars that extend radially out- 
wardly and which are mirrored about a radial line, ML. 
The bars of each field are acutely inclined relative to the 
mirror line, ML, at about the same angle with the bars 
in one of the fields angled in one direction and the bars 
in the other of the fields angled in another direction. The 
grooves between the bars, through which stock being 
refined flows, are generally straight with some of the 
grooves split into two generally straight grooves by a 
shorter bar. Surface and subsurface dams, respectively 
indicated by the filled and unfilled circles, are located in 
the grooves to direct stock flow upwardly toward the bar 
edges to increase the likelihood that fiber in the stock 
will be ground between bars of the opposing discs. 
[0009] During operation, stock is introduced radially 
inwardly of the disc and flows radially outwardly in the 
gap between the discs. When the grooves of one of the 
fields of the opposing disc are generally parallel to the 
grooves in one of the fields, I or II, stock in that region 
is urged radially outwardly or pumped. Conversely, 
when the grooves of one of the fields of the opposing 
disc cross the grooves in one of the fields, I or II, radial 
flow of stock is opposed or held back. Because the op- 
posing disc has the same groove and bar configuration 
as the disc it faces, during disc rotation, the fields I and 
II alternate between pumping and hold back cycles. 
When a pumping cycle is occurring in field I, a hold back 
cycle is occurring in field II, and when a hold back cycle 
is occurring in field I, a pumping cycle is occurring in 
field II. 

[0010] While bi-directional refiner discs have enjoyed 
substantial commercial success, improvements none- 
theless remain desirable. The use of only two fields per 
disc segment means that when a pumping cycle is oc- 
curring in a particularfield, it occurs for acertain duration 
of time. During a pumping cycle, stock flows radially out- 
wardly building momentum. Because the grooves are 
generally straight, momentum greatly builds as the 
stock reaches the outer radial periphery of the disc be- 
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cause angular acceleration is greatest in this region. 
When a hold back cycle begins, the radial outward flow 
of the fiber is drastically disrupted causing a great deal 
of the momentum of the stock to be absorbed by the 
refiner. This results in an increasing load, L 1 (FIG. 3), 
on the refiner that has a particular amplitude that builds 
overtime until it reaches amplitude, P v When another 
pumping cycle begins, the amplitude of the load reaches 
a peak, PK 1t and then begins to decrease in the manner 
depicted by as the stock begins flowing once again 
in a radially outward direction. These momentum chang- 
es impart load swings that are significant due to the rath- 
er large magnitude, P., of the load at the time each peak 
occurs. 

[001 1 1 These load swings cause vibration that signif- 
icantly impacts refiner operation. First, the refiner oper- 
ates less efficiently than desired. Second, pulp quality 
can undesirably vary. Third, wear is accelerated on the 
components of the refiner, as well as the refiner disc it- 
self. 

[0012] In the bi-directional refiner disc shown in FIG. 
2, some of the bars extend to the inner peripheral edge 
of the disc and other bars extend adjacent the edge. Un- 
fortunately, this can impede outward flow of the stock, 
which can reduce refiner throughput. 
[0013] To help force the fiber in the stock up into the 
gap so it gets refined, the refiner disc has over ten rows 
of dams. Unfortunately, too many dams can obstruct 
steam flow through the disc. Not only can obstructed 
steam impede the^outward flow of the stock, it can also 
backflow steam into the stock being fed into the refiner 
thereby reducing the inf eed rate. Moreover, the vibration 
in combination with obstructed steam can lead to varia- 
tions in the refining gap, which can further reduce the 
consistency of pulp quality. 

Objects and Summary of the Invention 

[0014] The present invention provides an improved 
refiner disc that has at least a plurality of radial fields 
each having a radial extent no greater than about 30° 
and at least two annularly extending zones where at 
least some refining takes place. During operation, one 
disc is rotated relative to an opposed disc for a certain 
duration of time or until a particular amount of wear has 
occurred. If desired, rotation can then reversed, tf de- 
sired, rotation can be reversed one or more times de- 
pending on several factors including, for example, the 
wear on the disc and how long it has rotated in each 
direction. 

[0015] In one preferred refiner disc embodiment, the 
disc is made up of segments each having at least three 
radial fields. Each radial field can have two or more an- 
nularly extending zones with at least one of the zones 
for refining and another of the zones for redirecting flow 
of stock. 

[0016] Each radial field has at least one upraised re- 
finer bar disposed at an acute angle relative to a radial 



direction that preferably is. a radial line that separates 
adjacent fields. Each radial field can extend from an in- 
ner peripheral edge of the segment to an outer periph- 
eral edge of the segment. Each segment preferably has 
s at least four fields that each have an angular extent no 
greater than 30° and no less than about 2°. In one pre- 
ferred refiner disc, the disc has at least sixteen fields 
and can have as many as one hundred and forty-four 
fields or more. 

10 [0017] Each radial field has an annularly extending 
primary refining zone disposed about the middle of the 
field. The primary refining zone preferably has at least 
one refining groove disposed between a pair of upraised 
refiner bars and can have one or more rows of dams. 

15 [0018] Each radial field has a second annularly ex- 
tending zone disposed radially outwardly of the primary 
refining zone where the direction of flow of stock being 
refined is altered. This second zone also has at least 
one groove disposed between a pair of upraised refiner 

20 bars. The groove and refiner bars are disposed at an 
angle relative to the groove and refiner bars of the pri- 
mary refining zone to alter the direction of flow of the 
stock when it passes from the primary refining zone to 
the second zone. The second zone preferably is a sec- 

25 ondary refining zone where further refining of the stock 
takes place, if desired, the second zone can extend ra- 
dially from the primary refining zone to the outer radial 
periphery of the segment. 

[0019] If desired, the field can have a third annularly 
30 extending zone? disposed radially outwardly of the sec- 
ond zone. The third zone is disposed between the sec- 
ond zone and the outer periphery. This third zone also 
has at least one groove disposed between a pair of up- 
raised refiner bars. The groove and refiner bars are dis- 
ss posed at an angle relative to the groove and refiner bars 
of the second zone to alter the direction of flow of the 
stock when it passes from the second zone to the third 
zone. The third zone preferably also is a refining zone 
where further refining of the stock takes place before it 
40 is discharged from the refiner. 

[0020] If desired, a disc can having more than one 
second zone. If desired, a disc can have more than one 
third zone. For example, a disc can have alternating sec- 
ond and third zones located radially outwardly of the pri- 
45 mary refining zone. 

[0021] The field can also have an inf eed zone dis- 
posed radially inwardly of the primary refining zone. The 
infeed zone has at least one infeed zone between a pair 
of upraised infeed bars that are each wider than the re- 
50 finer bars. The bars of the infeed zone help channel flow 
of stock toward the primary refining zone. 
[0022] The field can also have a breaker bar zone 
containing at least one breaker bar that is wider than an 
infeed bar. The breaker bar zone is disposed radially in- 
55 wardly of the infeed zone and preferably is disposed ad- 
jacent the inner radial periphery of the disc or segment. 
[0023] In one refiner disc embodiment, each field has 
each one of the aforementioned zones, a total of five 
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zones in all. In another refiner disc embodiment, a field 
has four of the aforementioned zones. The second zone 
extends radially from the outer radial periphery of the 
primary refining zone to adjacent the outer radial periph- 
ery of the disc or segment. In a still further refiner disc s 
embodiment, the primary refining zone has at least two 
rows of dams with at least one of the rows being surface 
dams and at least one other of the rows being subsur- 
face dams. In still another refiner disc embodiment, no 
dams are employed. io 
[0024] I n a method of refining a stock slurry containing 
fiber, at least one of a pair of opposed refiner discs is 
rotated relative to the other one of the discs. The stock 
is introduced into the gap between the discs and flows 
generally in a radial outward direction. The stock is di- 15 
rected by the groove of the infeed zone toward the pri- 
mary refining zone where fibers in the stock are at least 
partially refined. The direction of the flow of stock is 
changed when the stock leaves the primary refining 
zone and enters the second refining zone where fiber in 20 
the stock is also refined. 

[0025] Where the refiner disc has a third zone radially 
outwardly of the second zone, the direction of flow of the 
stock is altered another time when the stock leaves the 
second zone and enters the third zone. Fiber in the stock 25 
preferably is also refined in the third zone. 
[0026] Where the refiner disc has a breaker bar zone, 
stock infed to the discs is accelerated radially outwardly 
by each breaker bar 

[0027] The refiner-disc is rotated in^one direction .for 30 
a duration of time or can face another disc that is rotated 
in one direction for a duration of time. After that, the di- 
rection of rotation can be reversed where it is desired to 
operate the refiner discs as bi-directional refiner discs. 
Typically, the direction of rotation can be reversed more 35 
than once before replacement is required. 
[0028] It is an object of the present invention to pro- 
vide a refiner disc that can be rotated in either direction 
or be used with another refiner disc that is rotated in 
either direction substantially without loss in efficiency or <o 
pulp quality. 

[0029] It is another object of the present invention to 
increase residency time of fiber between refiner discs 
while permitting steam between the discs to more easily 
flow out from between the discs. 45 
[0030] It is still another object of the present invention 
to reduce the magnitude of load swings during refiner 
operation. 

[0031] It is a further object of the present invention to 
reduce refiner vibration during operation. so 
[0032] It is a still further object of the present invention 
to increase the consistency of pulp quality during refiner 
operation. 

[0033] It is another object of the present invention to 
permit the refiner to operate under greater load and 55 
throughput than previously achieved in refiners using 
prior art refiner discs. 

[0034] It is an advantage of the present invention that 



the magnitude or amplitude of refiner loads are reduced 
by at least 40% by using a segmented refiner disc of the 
invention having at least four fields per segment as com- 
pared to a conventional segmented refiner disc of the 
same angular extent having only two radial fields. 
[0035] It is another advantage of the present invention 
that refiner wear and refiner disc wear is reduced by us- 
ing a refiner disc having radial fields with a maximum 
angular extent no greater than 30° because vibration 
and loading is reduced. 

[0036] It is still another advantage of the present in- 
vention that the gap between opposed refiner disc var- 
ies less because vibration and load are less and be- 
cause steam flows more easily from out between the 
discs. 

[0037] It is an additional advantage of the present in- 
vention that the duration and magnitude of the load 
swing and associated cycling is reduced by at least 40% 
and preferably by over half. 

[0038] Other objects, features, and advantages of the 
present invention are to provide a refiner disc that can 
be of segmented construction; which is capable of bi- 
directional operation; which can easily be mounted and 
removed; which can be cast along with ail fields and bars 
in a single operation; does not require fabrication; and 
is rugged, simple, flexible, reliable, and durable, and is 
of economical manufacture, and is easy to assemble 
and simple to use. 

[0039] Additional objects, features, and advantages 
of the present invention will.JDecome.apparenkto those, 
skilled in the art from the following detailed description 
and accompanying drawings. It should be understood, 
however, that the detailed description and specific ex- 
amples, while indicating preferred embodiments of the 
present invention, are given by way of illustration and 
not limitation. Many modifications and changes within 
the scope of the present invention may be made'without 
departing from the spirit thereof, and the invention in- 
cludes all such modifications. 

Brief Description of the Drawings 

[0040] A preferred exemplary embodiment of the in- 
vention is illustrated in the accompanying drawings in 
which like reference numerals represent like parts 
throughout, and in which: 

FIG. 1 is a fragmentary cross-sectional view of an 
exemplary disc refiner having a refiner disc which 
includes a refiner disc according to the present in- 
vention; 

FIG. 2 is a front view of a prior art bi-directional re- 
finer disc segment; 

FIG. 3 is a graph of refiner load versus time of refiner 
operation using the prior art refiner disc segment; 
FIG. 4 is a front view of one embodiment of a refiner 
disc segment of this invention; 
FIG. 5 is a partial fragmentary cross sectional view 
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of a portion of the segment of FIG. 4 taken along 
lines 5-5; 

FIG. 6 is a partial fragmentary cross sectional view 
of a portion of the segment of FIG. 4 taken along 
lines 6-6; 

FIG. 7 is a partial fragmentary cross sectional view 
of a portion of the segment of FIG. 4 taken along 
lines 7-7; 

FIG. 8 is a partial fragmentary cross sectional view 
of a portion of the segment of FIG. 4 taken along 
lines 8-8; 

FIG. 9 is a front view of a second embodiment of a 
refiner disc segment according to the invention; 
FIG. 10 is a front view of a third embodiment of a 
refiner disc segment according to the invention; 
FIG. 11 is a fragmentary superposed view of two 
opposed refiner discs of this invention; 
FIG. 1 2 is a graph of refiner load versus time of re- 
finer operation using a refiner disc of this invention; 
and 

FIG. 1 3 is an enlarged fragmentary view of a groove 
and pair of bars of the refiner disc of FIG. 4. 

Detailed Description of at Least One Preferred 
Embodiment 

[0041] An exemplary refiner 20 is shown FIG. 1. The 
refiner 20 has a housing 22 and an auger 24 mounted 
therein which urges a stock slurry of liquid and fiber in- 
troduced through a stock inlet 26 into the refiner-20.The 
auger 24 is carried by a shaft 28 that rotates during re- 
finer operation to help supply stock to an arrangement 
of treating structure within the housing 22 and a rotating 
rotor 30. An annular f linger nut 32 is generally in line 
with the auger 24 and directs the stock radially outwardly 
to a plurality of opposed sets of breaker bar segments 
34 and 36. 

[0042] Each set of breaker bar segments 34 and 36 
preferably are in the form of sectors of an annul us, which 
together form an encircling section of breaker bars. One 
set of breaker bar segments 34 is fixed to the rotor 30. 
The other set of breaker bar segments 36 is fixed to an- 
other portion of the refiner, such as a stationary mount- 
ing surface 38 of the housing 22 or another rotor (not 
shown). 

[0043] The breaker bar segments 34 and 36 dis- 
charge stock to radially outwardly positioned sets of first 
refiner discs 40 and second refiner discs 42. The refiner 
20 can have more or less than two sets of refiner discs. 
A first set of the first and second refiner discs 40 and 42 
is removably mounted to a mounting surface 44. The 
mounting surface 44 preferably is the rotor 30. If desired, 
the mounting surface 44 can be separate from the rotor 
30, such as a separate mounting plate (not shown) or 
another component that is mounted to or carried by the 
rotor 30 or another component of the refiner 20. 
[0044] A second set of the first and second refiner 
discs 40 and 42 is removably mounted to mounting sur- 



faces 38 and 46. The mounting surfaces 38 and 46 can 
be plates or a common plate that can be carried by a 
stator 48 supported by the refiner housing 22. If desired, 
a rotor can be substituted for the stator 48. Such a rotor 

s typically rotates in a direction opposite rotor 30. 

[0045] The first set of refiner discs 40 and 42 is dis- 
posed generally parallel to a radially extending plane 50 . 
The second set of refiner discs 40 and 42 is also dis- 
posed generally parallel to the plane 50 and located rel- 

io ative to the first set of discs 40 and 42 such that they 
oppose the first set. During operation, the rotor 30 and 
first set of refiner discs 40 and 42 rotate about an axis 
52 causing relative rotation between the first set of re- 
finer discs 40 and 42 and the opposed second set of 

is refiner discs 40 and 42. Since disc 40 and disc 42 are 
both used to refine fiber that preferably is made of wood 
and thus are substantially similar, only disc 42 will be 
described in further detail herein. 
[0046] Referring to FIG. 4, each refiner disc 42 is a 

20 refiner disc comprised of a plurality of refiner disc seg- 
ments or plates 54 that are arranged in a circle, ring or 
annulus. Each segment 54 has a refining surface 56 and 
a rear surface and typically is removably mounted to a 
mounting surface, such as one of surfaces 38, 44, and 

25 46. 

[0047] The refiner disc 42 can be made up of four, six, 
eight, ten, twelve, or even more segments 54. Where 
four segments 54 are used, each segment 54 encom- 
passes an angular extent of 90°. Where six segments 

30 54 are used, each segment 54 encompasses ananguiar «. ^---^ 
extent of 60°. Where eight segments 54 are used, each 
segment 54 encompasses an angular extent of 45°. 
Where ten segments 54 are used, each segment 54 en- 
compasses an angular extent of 36° . Where twelve seg- 

35 ments 54 are used, each segment 54 encompasses an 
angular extent of 30°. 

[0048] A preferred embodiment of a refiner disc seg- 
ment 54 of this invention is depicted in FIGS. 4-8. The 
refining surface 56 of each segment 54 has a plurality 

40 of pairs of spaced apart ridges or refiner bars 58 that 
are upraised from a base 60 with the space between 
each adjacent pair of bars 58 defining a refiner groove 
62 therebetween that acts as a flow channel. During re- 
fining, stock flows radially outwardly through each chan- 

45 nel 62 and over and around each bar 58. Within each 
channel 62, the segment 54 can have one or more up- 
raised dams, each of which at least partially obstructs 
stock flow through a channel 62 in a manner that causes 
stock to flow over the dam and across adjacent bars 58 

50 during refining, preferably to enhance refining action. 
[0049] Each segment 54 preferably is made of a met- 
al, such as white cast iron or stainless steel, or a metallic 
material. In one preferred embodiment, the bars 58, 
grooves 62 and dams (if equipped with dams) of the seg- 

55 ment 54 are integrally formed during casting. Where the 
segment 54 is designed to be mounted using fasteners, 
holes (not shown) that receive the fasteners can also be 
formed during casting. 
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[0050J During operation of the refiner 20, stock is 
processed to free individual fibers, typically wood fibers, 
in preparation for making paper or another fiber-based 
product by passing the stock between the opposed sets 
of first and second refiner discs 40 and 42. The flinger 
nut 32 has axially upraised radial bars which urge the 
stock radially outwardly under the centrifugal forces de- 
veloped by the rotating motion of the rotor 30 and at- 
tached flinger nut 32. The breaker bar segments 34 and 
36 receive stock discharged radially outwardly from the 
flinger nut 32, which then passes radially outwardly be- 
tween the opposed sets of first and second refiner discs 
40 and 42. 

[0051] The refiner disc segment 54 has at least three 
fields and in the preferred embodiment shown in FIG. 4, 
has four fields, I, II, III, and IV. Each field is generally 
pie-shaped but truncated along the inner peripheral 
edge of the disc. In the preferred embodiment depicted 
in FIG. 4, each field is defined by a pair of spaced apart 
radial lines, a curved outer peripheral edge 64, and an 
inner peripheral edge 66 that preferably also is curved. 
For example, field I is defined along one side by the side 
edge 68 of the disc and along its other side by mirror 
line, ML V Its inner radial edge is defined by part of the 
inner peripheral edge 66 of the disc and its outer radial 
edge is defined by part of the outer peripheral edge 64. 
The sides of field II are defined by mirror lines, MLj and 
MLg, and its outer and inner edges are respectively de- 
fined by part of peripheral edges 64 and 66. The sides 
of field III are defined by mirror lines, ML^ andMbj, and 
its edges are defined by part of peripheral edges 64 and 
66. The sides of field IV are defined by mirror line, ML 3 
and side edge 69, and its edges are defined by part of 
peripheral edges 64 and 66. 
[0052] A refiner disc segment 54 of this invention pref- 
erably has between four and twelve fields per segment, 
but can have more fields, if desired. A refiner disc 42 of 
this invention therefore preferably has between sixteen 
fields and one hundred forty-four fields. For example, 
where the disc 42 is segmented and four segments 54 
are used that each have three fields, the refiner disc 42 
has twelve fields. Where six segments 54 are used that 
each have four fields, the refiner disc 42 has twenty-four 
fields. Where eight segments 54 are used that each 
have five fields, the refiner disc 42 has forty fields. 
Where ten segments 54 are used that each have six 
fields, the refiner disc 42 has sixty fields. 
[0053] Where each field of a segmented refiner disc 
42 encompasses the same angular extent (i.e., is equi- 
angular), the maximum angular extent of each field is 
no greater than the result from the following relationship: 

Amax= 360! 
m*n 



where 



A,^ is the maximum angular extent encompassed 
by each field; 

m is the number of fields per segment; and 

n is the number of disc segments in the refiner disc. 

5 

[0054] Where the disc 42 is not segmented, the total 
number of fields of the disc is substituted into the above 
equation for the expression m*n. Preferably, the angular 
extent of ranges between 30° {i.e., a single field encom- 

io passes an angle no more than about 30°) and 2°. In an- 
other preferred arrangement where there are at least 
four fields per segment, the angular extent ranges be- 
tween 20° and 2°. For example, where the disc is made 
up of six segments 54 that each have four fields, each 

15 field has a maximum angular extent of 15°. Where the 
disc is made up of four segments 54 that each have four 
fields, each field has a maximum angular extent of 
22.5°. Where the disc is made up of six segments 54 
that each have four fields, each field has a maximum 

20 angular extent of 1 5° . Where eight segments are used 
that each have four fields, each field has a maximum 
angular extent of 11 .25° . Where ten segments are used 
that each have four fields, each field has a maximum 
angular extent of 9°. Where twelve segments are used 

25 that each have four fields, each field has a maximum 
angular extent of 7.5°. 

[0055] A segment 54 can have more than four fields. 
For example, where eight segments 54 are used that 
each have five fields, each field has a maximum angular 
30 -extent of 9°. Where ten segments 54 are usedthat each ^^x^^ ; 
have six fields, each field has a maximum angular extent 
of 6°. Preferably, the angular extent of each field is at 
least 2.5°. 

[0056] In one preferred refiner disc embodiment, each 
35 field has at least one row of spaced apart dams. For ex- 
ample, the disc segment 54 shown in FIG. 4 has two 
rows of angularly spaced apart and annularty extending 
dams with one row of the dams being a row of subsur- 
face dams 70 and another of the rows of the dams being 
40 a row of surface dams 72. As is shown in FIGS. 5 and 
7, each surface dam 72 is disposed in a groove 62 and 
extends substantially flush with the top surface of the 
bars 58 on either side of the dam 72. As is shown in 
FIGS. 6 and 8, each subsurface dam 70 is disposed in 
45 a groove 62 and extends below the top surface of the 
bars 58 on either side of the dam 70. In another pre- 
ferred embodiment shown in FIG. 9, the refiner disc 42 
has no dams. 

[0057] Each field has at least one bar 58 that has at 
so least a portion or segment that is acutely angled relative 
to the mirror line to which it is closest. In a preferred 
embodiment, each bar 58 of each field has at least one 
segment or portion disposed at an acute angle relative 
to the mirror line. Each bar 58 preferably is acutely in- 
55 clined from radial. Preferably, each bar 58 of each field 
has at least one segment disposed at an angle greater 
than 0° and no greater than about 20° relative to the 
mirror line to which it is closest. In the preferred segment 



6 



11 



EP 1 088 932 A2 



12 



shown in FIG. 4, each field I, II, III, and IV, has at least 
two bars 58. Each field, I, II, III, and IV, preferably has 
at least four bars 58 that define at least three grooves 
62 therebetween. 

[0058] The refiner disc segment 54 has at least two 
annular zones with one of the zones configured to alter 
at least slightly the direction of flow of the stock. Refer- 
ring additionally to FIG. 12, this desirably lessens the 
momentum of the flowing stock which thereby reduces 
the amplitude or magnitude of the maximum load. As a 
result of lessening the amplitude of the maximum load, 
the load swings encountered by the refiner 20 are less 
forceful, advantageously reducing refiner vibration. By 
lessening the momentum, residence time of the stock is 
also increased without requiring as many dams as prior 
art refiner disc segments. By reducing the number of 
dams or completely eliminating dams, steam flows more 
easily through the disc and does not impede flow of 
stock through the disc. As a result, the gap between the 
discs is more consistently maintained, increasing the 
consistency of the pulp quality obtained. Moreover, 
throughput of the refiner is increased because backflow 
of steam is virtually if not completely eliminated. 
[0059] Each field has a primary refining zone, zone C, 
that extends across the field where refining of fiber in 
the stock takes place. Referring to FIG. 13, the bars 58 
in zone C are generally straight and define an angle, a, 
relative to an adjacent line that extends in a radial direc- 
tion relative to the disc or segment, such as radial line 
Rj, that is between +20° and -20° and which is greater 
or less than 0°. In one preferred embodiment, each of 
the bars in zone C have an angle of at least 2°. In one 
preferred embodiment, the angle, a, is about 2.5°. In 
one preferred embodiment, zone C has a length in a ra- 
dial direction that is between one-quarter and three- 
quarters the radial length of the disc 42 (or segment 54) 
and can vary in radial length within the same field. The 
radial length is the distance of that portion of a radial line 
that extends from the inner edge 66 of the disc 42 to the 
outer edge 64. 

[0060] Each field has at least one secondary refining 
zone disposed radially outwardly of zone C that is con- 
figured to direct stock flow at an angle relative to the 
direction of flow from zone C. In the segment shown in 
FIG. 4, each field has a pair of zones, zone A and zone 
B, located radially outwardly of the primary refining 
zone. 

[0061] Zone B is located immediately radially out- 
wardly of zone C. At least a portion of each bar 58 in 
zone B is disposed at an angle relative to the portion of 
the bar 58 in zone C. As a result, each groove 62 has a 
bend where it transitions from zone C to zone B. In the 
segment shown in FIG. 4, the portion of each bar 58 in 
zone B is straight and disposed at an angle, p, of about 
15° to 17° relative to a radial line, R 2 , adjacent that por- 
tion of the bar 58. The bar angle can vary. If desired, the 
bar angle, p, can be between 4-45° and -45°. In FIG. 10, 
zone B extends to the outer peripheral edge 64, No 



dams preferably are located in zone B. The change of 
direction in the flow of stock serves the same function 
as a dam by increasing residency time. However, be- 
cause zone B has no dams, the steam can flow through 

5 the grooves unobstructed; If desired, zone B can be 
equipped with one or more dams. 
[0062] Zone A is located immediately radially out- 
wardly of zone B. At least a portion of each bar 58 in 
zone A is disposed at an angle relative to the portion of 

10 the bar 58 in zone B. As a result, each groove 62 has a 
second bend where it transitions from zone B to zone 
A. In the segment shown in FIG. 4, the portion of each 
bar 58 in zone A is straight and disposed at an angle, 
a, of about 30° relative to a radial line, R 3 , adjacent that 

is portion of the bar 58. The bar angle can vary. If desired, 
the bar angle can vary between +60° and -60°. In FIG. 
10, zone A is lacking. Zone A preferably also has no 
dams. The change of direction in the flow of stock serves 
the same function as a dam by increasing residency 

20 time. However, because zone A has no dams, the steam 
can flow through the grooves unobstructed. By increas- 
ing the rate of steam flow, pressure pulses are virtually 
eliminated helping to more accurately maintain the de- 
sired gap between opposed discs. 

25 [0063] There can be one or more zones disposed ra- 
dially inwardly of zone C. In the segment shown in FIG. 
4, zone D is a feeding zone located immediately adja- 
cent zone C. The feeding zone has at least one bar 74, 
an infeed bar 74, that narrows in a radial outward direc- 

30— tion into a bar 58 of the configuration shown-in zone G •< 
of FIG. 4. In zone D, each bar 74 is at least about twice 
as wide as a refiner bar 58 and can become narrower 
in a radial outward direction. The mouth of each infeed 
groove between a pair of the bars 74 has a width that is 

35 wider than the width of a groove 62 in zone C. Prefera- 
bly, its width is at least double the width of groove 62 in 
zone C. Preferably, the bar angle in zone D is the same 
or substantially the same as the bar angle in zone C. To 
help facilitate infeed of stock by keeping the inner diam- 

40 eter of the disc more open, the inner radial edge of the 
closest bar 74 is located no closer than about 0.5 inches 
(1 2.7 mm) to the inner edge 66 of the disc 42 or segment 
54. Zone D shown in FIG. 4 preferably comprises a par- 
allelogram in shape. If desired, the infeed bars 74 can 

45 extend to the inner peripheral edge 66. 

[0064] Zone E is a section of breaker bars 76 located 
radially inwardly of zone C. Zone E preferably is located 
radially inwardly of zone D and comprises at least one 
breaker bar 76. The breaker bars 76 can be radially 

so staggered across the disc 42 or segment 54. Each 
breaker bar 76 preferably has a trapezoidal shape and 
has a longitudinal axis that extends in a.radiai direction. 
If desired, the bar 76 can be curved instead of trapezoi- 
dal. Each breaker bar 76 preferably is at least twice as 

55 wide as an infeed bar 74. 

[0065] There is at least one generally triangular up- 
raised pad or recessed 78 disposed in line with one of 
the mirror lines in each disc segment 54. Where the re- 
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finer disc 42 is not segmented, there is a triangular pock- 
et/pad 78 in iine with every other mirror line. For exam- 
ple, referring to FIG. 10, there is one such pocket/pad 
78 disposed in line with mirror line, MLg. Where a pocket 
78 is used, it advantageously helps facilitate venting of 
steam. Where a pad 78 is used, it helps slow the out- 
wardly flow of fibers in the stock. Slowing outward fiber 
movement advantageously increases fibrillation. De- 
pending on the height and configuration of the pad 78, 
one or more pads 78 can be used to help resist clashing 
of opposed refiner discs. Each triangular pocket/pad 78 
has a length and width dependent on the geometry and 
angles of the bars of the disc or segment. 
[0066] In one preferred embodiment, shown in FIGS. 
4 and 9, the pocket/pad 78 is comprised of back-to-back 
triangles and forms a chevron-shaped or diamond- 
shaped pocket/pad 80 that can have one end truncated 
along the peripheral edge 64 in the manner depicted. If 
desired, the pocket/pad 80 need not be truncated. This 
truncated chevron-shaped pocket/pad 80 is disposed in 
line with every other mirror line. For example, referring 
to FIG. 4, the chevron-shaped pocket 80 is disposed in 
line with mirror line MLg. In the preferred embodiments 
shown in FIGS. 4 and 9, there is also a triangular pocket/ 
pad 78 that is not chevron-shaped disposed in line with 
the mirror line on either side of mirror line, ML 2 and on 
either side of the chevron-shaped pocket/pad 80. This 
chevron-shaped pocket 80 is larger in size than each of 
the other triangular pockets/pads 78 and also facilitates 
-steam flow while^slowing outward fiber movement/For 
those discs 42 or segments 54 equipped with chevron 
shaped pockets/pads 80, the non-chevron shaped tri- 
angular pockets/pads 78 preferably are defined, at least 
in part, by an X-shaped bar or groove 82 (depending on 
whether it is adjacent a pocket or a pad) radially inwardly 
of the non-chevron-shaped triangular pocket/pad 78. 
Where the X-shaped bar/groove 82 is a bar, it serves as 
a surface dam by forcing fiber in an axial direction into 
the gap where it is refined. Where the X-shaped bar/ 
groove 82 is a groove, it helps facilitate flow of steam 
around the adjacent pad. 

[0067] FIG. 1 1 depicts a pair of opposed refiner discs 
42 of this invention in operation. The refiner 20 utilizing 
the refiner discs 42 of the invention is used to refine the 
fiber of a stock material in a more efficient manner. Ex- 
amples of fiber that can be refined using the refiner discs 
42 include wood fiber, recycled paper fiber, reject fiber, 
cotton, cloth, and rag. The refiner 20 of the invention 
may be utilized to refine any type of fiber used in paper- 
making and other related fiber products. Examples of 
disc refiners 20 for which the refiner discs 42 are well 
suited include disc refiners having only a single opposed 
disc annulus arrangement, counter rotating refiner ar- 
rangements, dual or double disc or twin refiners, or any 
other type of disc refiner. 

[0068] The discs 42 face each other and are spaced 
apart by a gap that can vary between 0 inches (0 mm) 
and 0.5 inches (12.7 mm). Typically, the gap is between 



about 0.005 inches (0.127 mm) and about 0.125 inches 
(3.175 mm). Preferably, the gap between the discs 42 
decreases in a radial outward direction. One of the discs 
42 is rotated relative to the other of the discs 42 at a 
5 rotational speed of between 1,000 revolutions per 
minute and 2,500 revolutions per minute. If desired, both 
opposed discs 42 can be rotated at the same time in 
opposite directions. 

[0069] Stock carrying fiber is introduced into the gap 

io between the discs 42 from adjacent the inner radial edge 
66 of both discs 42. Initially, the stock flows radially in- 
wardly into the breaker bar section, zone E, where it is 
radially outwardly accelerated by the breaker bars 76. 
The accelerated stock enters the infeed zone, zone D, 

is where the stock flows in the grooves between the infeed 
bars.74 in a direction generally parallel to the grooves 
62 in the primary refining zone, zone C. 
[0070] The stock continues to flow in the same radial 
outward direction when it enters the primary refining 

20 zone, zone C, where the fibers are cut and ground be- 
tween the bars 58 of the opposed discs 42 fibrillating 
them. Where the disc is equipped with dams, the stock 
flows axially around the dams 70 and 72 into the gap 
between the discs helping to increase fibrillation, advan- 

25 tageously minimize, and preferably prevent the occur- 
rence of shives. 

[0071] The direction of the stock flow is altered when 
it enters zone B, a refining zone where fibrillation also 
takes place. By the direction of each groove 62 changing 

30. - from zone rC to .zone, B„ the . momentum of . the stock 
changes and at least some momentum is dissipated. As 
a result, the maximum amplitude of the load is reduced 
and the magnitude of any vibration during a load swing 
is advantageously lessened. Moreover, by reducing mo- 

35 mentum, the fibers are retained longer, advantageously 
increasing fibrillation. By locating zone B near the radial 
periphery of the disc where angular acceleration of the 
stock is greatest, the impact on reducing momentum 
and angular acceleration is increased. 

40 [0072] Where the disc 42 is equipped with zone A, the 
direction of the stock is further altered when it enters 
zone A. Further fibrillation also takes place in zone A. 
By imparting another direction change to the stock flow, 
angular momentum and acceleration is reduced which 

45 also reduces the maximum load and the magnitude of 
load swings. By locating zone A at the radial periphery 
of the disc where angular acceleration of the stock is 
greatest, the impact on reducing momentum and angu- 
lar acceleration is greatest. For discs 42 equipped with 

so zones A and B, stock leaving zone C flows in a zigzag 
direction reducing momentum, reducing load, reducing 
load swings, and reducing shives, while increasing res- 
idency time and increasing fibrillation. 
[0073] Referring additionally to FIG. 12, when fields 

55 of opposing discs having bars parallel to each other be- 
gin to overlap, a pumping cycle occurs. Referring to FIG. 
4, such is the case where both opposing fields have the 
same pattern of field, such as field I. During the pumping 
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cycle, the load, L 4 , on the refiner 20 decreases until a 
field having angled bars begins to overlap. Such is the 
case where one field has the pattern of field I and the 
opposing field has a different pattern, such as the pat- 
tern of field II. At this point, a holdback cycle occurs, 
causing the load to increase generally in the exemplary 
manner reflected by load curve, L 3 . 
[0074] FIG. 12 depicts a graph of load swings over 
time for a segmented refiner disc 42 having four fields 
per segment 54. As a result of each field encompassing 
a smaller angular extent that is roughly at least half the 
angular extent of the two fields of a conventional refiner 
disc segment (such as the segment shown in FIG. 2) 
having the same angular extent as segment 54, the am- 
plitude, P 2 , of each load swing is reduced at least 40%, 
dramatically reducing vibration. In addition, because the 
duration of each cycle of a complete load swing (L 3 + 
L 4 ) is much shorter, the frequency of load swings is at 
least about twice that of a segment of the same angular 
extent having only two fields. Preferably, because the 
duration of each load cycle is so much shorter and be- 
cause there is at least one flow direction altering zone 
radially outwardly of the primary refining zone, the am- 
plitude of each load swing is advantageously reduced 
by 50% or more. 

[0075] The refiner disc 42 (and segment 54) of this 
invention are designed to be able to be rotated in either 
direction or used with another disc that is rotated in ei- 
ther direction, preferably without any drop in efficiency, 
* throughput;*o^pulp quality. Where the disc 42 is used 
as a bi-directional disc, disc life is significantly greater 
than that of a unidirectional disc. Disc life preferably is 
at least doubled as compared to a unidirectional refiner 
disc. 

[0076] it is also to be understood that, although the 
foregoing description and drawings describe and illus- 
trate in detail one or more embodiments of the present 
invention, to those skilled in the art to which the present 
invention relates, the present disclosure will suggest 
many modifications and constructions as well as widely 
differing embodiments and applications without thereby 
departing from the spirit and scope of the invention. The 
present invention, therefore, is intended to be limited on- 
ly by the scope of the appended claims. 



Claims 

1 . A refiner for refining fiber in a stock slurry compris- 
ing: 

a) a housing having an inlet for receiving the 
stock; 

b) a rotor mounted for rotation about an axis 
within the housing; 

c) a first mounting surface carried by the rotor 
and a second mounting surface opposing the 
first mounting surface; and 



d) a refiner disc carried by one of the first and 
second mounting surfaces, the refiner disc 
comprised of a plurality of segments with each 
segment having a refining surface comprised 
5 of at least three radially-extending fields of up- 

raised refiner bars that define refiner grooves 
therebetween. 

2. The refiner of claim 1 wherein the refiner disc com- 
10 prises a plurality of generally annular refining zones 

comprised of the upraised bars wherein the angle 
of at least a portion of the grooves in one of the re- 
fining zones is different than the angle of at least a 
portion of the grooves in the other of the refining 
15 zones such that the direction of flow of stock chang- 
- -es when the stock passes from one of the refining 
zones to the other of the refining zones. 

3. The refiner of claim 2 wherein the grooves are gen- 
20 erally straight and have a bend at a transition be- 
tween one of the refining zones and another of the 
refining zones. 

4. The refiner of claim 3 wherein the refiner disc further 
25 comprises a generally triangular refining element in 

the refining surface that is disposed in line with each 
dividing line between each pair of field. 

5. The refiner of claim 4 wherein the refiner disc is 
so ... comprised of at leasfc eighteen fields. *, 

6. The refiner of claim 3 wherein the refiner disc further 
comprises a chevron-shaped refining element in 
the refining surface that is disposed along a dividing 

35 line that divides one field from an adjacent field. 

7. The refiner of claim 1 wherein the refiner disc is 
comprised of at least three generally annular and 
adjacent refining zones of the upraised bars where- 

40 in the angle of the grooves in a first of the refining 
zones is different than the angle of the grooves in 
the a second of the refining zones and the angle of 
the grooves in the second of the refining zones is 
different than the angle of the grooves in a third of 

45 the refining such that the direction of flow of stock 
is altered a first time when the stock passes from 
the first refining zone to the second refining zone 
and the direction of flow of stock is altered a second 
time when the stock passes from the second refin- 

so ing zone to the third refining zone. 

8. The refiner of claim 7 wherein each of the grooves 
have a zigzag configuration. 

55 9. The refiner of claim 7 wherein the grooves are gen- 
erally straight and have a first bend at a first transi- 
tion between the first refining zone and the second 
refining zone and a second bend at a second tran- 
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sition between the second refining zone and the 
third refining zone. 

10. The refiner of claim 1 wherein the refining surface 
of the refiner disc comprises: s 

(1) an inner radial edge and an outer radial 
edge; 

(2) a first annularly extending zone disposed 
along the inner radial edge, the first annularly 10 
extending zone comprised of a plurality of an- 
gularly spaced apart breaker bars; 

(3) a second annularly extending zone dis- 
posed radially outwardly of the first annularly 
extending zone, the second annularly extend- *5 
ing zone comprised of a plurality of infeed bars, 
wherein each infeed bar is wider than any one 

of the refiner bars and the spacing between 
each adjacent bar of infeed bars defines an in- 
feed groove that is wider than any one of the 20 
refining grooves; 

(4) a third annularly extending zone disposed 
radially outwardly of the second annularly ex- 
tending zone, the third annularly extending 
zone comprised of refiner bars that are each 25 
acutely angled relative to the radial direction; 
and 

(5) a fourth annularly extending zone disposed 
radially outwardly of the third annularly extend- 
ingzone, the fourth- annularly extending zone 30 
comprised of refiner bars that are each angled 
relative to the refiner bars in the third annularly 
extending zone and that are each acutely an- 
gled relative to the radial direction. 

35 

11. The refiner of claim 10 further comprising a fifth an- 
nularly extending zone disposed along the outer pe- 
ripheral edge and radially outwardly of the fourth an- 
nularly extending zone, the fifth annularly extending 
zone comprised of refiner bars that are each angled *o 
relative to the bars in the fourth annularly extending 
zone and that are each acutely angled relative to 

the radial direction. 

12. The refiner of claim 11 wherein the refiner bars in « 
the fifth annularly extending zone are acutely an- 
gled in an opposite direction relative to the angle of 

the refiner bars in the third annularly extending 
zone. 

50 

13. The refiner of claim 12 wherein the refiner bars in 
the third annularly extending zone, the refiner bars 
in the fourth annularly extending zone, and the re- 
finer bars in the fifth annularly extending zone form 

a zigzag pattern. 55 

14. The refiner of claim 10 further comprising a plurality 
of radially spaced apart and annularly extending 



rows of dams in the refining grooves of the third an- 
nularly extending zone. 

15. The refinerof claim 14 wherein one of the rowscom- 
prises at least one row of subsurface dams and an- 
other of the rows comprises at least one row of sur- 
face dams. 

16. The refiner of claim 15 wherein all of the subsurface 
dams are located radially inwardly of all of the sur- 
face dams. 

17. The refiner of claim 15 wherein one of the rows of 
subsurface dams is arranged in a vee-shape and 
one of the rows of the surface dams is arranged in 

• ayee-shape. 

18. The refiner of claim 1 wherein the refiner disc is 
comprised of a plurality of refiner disc segments that 
each have four radial fields with each field com- 
prised of at least three annularly extending zones 
of upraised bars. 

19. The refiner of claim 1 wherein the refiner disc has 
at least twelve of the fields and each of the fields 
encompasses an angular extent no greater than 
about 30° for reducing a maximum amplitude of a 
load placed on a refiner during a swing in loading. 

20. The refiner of claim 1 wherein each oLthe ref inec 
disc segments comprises an annularly extending 
primary refining zone disposed along the middle of 
the segment having a plurality of generally parallel 
refiner grooves each inclined at an acute angle rel- 
ative to a radial direction, an annularly extending re- 
fining zone disposed radially outwardly of the pri- 
mary refining zone having a plurality of generally 
parallel refiner grooves disposed at an acute angle 
relative to the refiner grooves in the primary refining 
zone, and an annularly extending infeed zone dis- 
posed radially inwardly of the primary refining zone 
with the infeed zone having a plurality of infeed 
grooves that are each wider than any one of the re- 
finer grooves in the primary refiner zone. 

21 . The refiner of claim 20 wherein the segment has an 
inner peripheral edge and each of the infeed 
grooves has an inner peripheral end that is spaced 
from the inner peripheral edge of the segment. 

22. The refiner of claim 1 wherein at least one of the 
refiner disc segments has at least four of the fields 
with each adjacent pair of the fields separated by a 
radial line about which each adjacent pair of the 
fields is mirrored and symmetrical. 

23. The refiner of claim 1 wherein each of the refiner 
disc segments is comprised of at least four radial 
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fields, each field having an angular extent no great- 
er than 30° and each field having a plurality of the 
refiner bars, and wherein each of the fields has at 
least three annularly extending zones. 

5 

24. A refiner disc for refining fiber in a stock slurry in a 
rotary disc refiner, the refiner disc having a refining 
surface comprising at least twelve radial fields a) 
that each have at least four upraised bars, b) that 
each extend from an inner peripheral edge of the io 
refiner disc to the outer peripheral edge of the re- 
finer disc, c) that each encompasses an angular ex- 
tent no greater than 30°, and d) that each have at 
least four annularly extending zones. 

15 

25. A refiner disc segment for refining fiber in a stock 
slurry in a rotary disc refiner, the refiner disc seg- 
ment having an axial refining surface comprising: 

a) a plurality of spaced apart refiner bars dis- 
posed at an acute angle relative to a radial di- 
rection with the refiner bars grouped into at 
least four radial fields that each have an angu- 
lar extent that is no greater than 30°; and 

b) wherein at least one of the fields has 1) afirst 25 
annularly extending refining zone comprised of 

at least one refiner bar disposed at an angle 
that is acute relative to a radial line separating 
adjacent fields, and 2) a second annularly ex- 
tending refiner zone disposed radial ly outward— M 
ly of the first annularly extending refiner zone, 
the second annularly extending refiner zone 
having at least one refiner bar connected to the 
at least one refiner bar of the first annularly ex- 
tending refiner zone and disposed at an angle 35 
relative to the at least one refiner bar of the first 
annularly extending refining zone. 

26. A refiner disc segment for refining fiber in a stock 
slurry in a rotary disc refiner, the refiner disc seg- 40 
ment having an axial refining surface comprising: 

a) an outer periphery; 

b) an inner periphery: 

c) a plurality of spaced apart refiner bars dis- *s 
posed at an acute angle relative to a radial di- 
rection with the refiner bars grouped into at 
least four radial fields that each have an angu- 
lar extent that is no greater than 30°; and 

d) wherein each of the fields has 1) an annularly so 
extending primary refining zone comprised of 

at least one refiner bar disposed at an angle 
that is acute relative to a radial line separating 
adjacent fields, 2) a second annularly extend- 
ing refiner zone disposed radially outwardly of 55 
the annularly extending primary refiner zone, 
the second annularly extending refiner zone 
having at least one refiner bar connected to the 



at least one refiner bar of the annularly extend- 
ing primary refining zone and disposed at an 
angle relative to the at least one refiner bar of 
the annularly extending primary refining zone, 
3) an annularly extending infeed zone disposed 
radially inwardly of the annularly extending pri- 
mary refining zone, the annularly extending in- 
feed zone having at least one infeed bar that is 
wider than the at least one refiner bar of the an- 
nularly extending primary refining zone, and 4) 
an annularly extending breaker bar zone dis- 
posed radially inwardly of the annularly extend- 
ing infeed zone and disposed adjacent the in- 
ner periphery, the annularly extending breaker 
bar zone including at least one generally radi- 
. - ally extending breaker bar that is wider than the 
at least one infeed bar. 

27. A method of refining a fiber in a stock slurry com- 
prising: 

a) providing a pair of opposed refiner discs that 
are each comprised of a plurality of segments 
with each segment comprised of at least four 
radial fields that each have at least three annu- 
larly extending zones with one of the zone com- 
prising an infeed zone having a plurality of up- 
raised infeed bars that define infeed grooves 
therebetween, a primary refining zone having 

a plurality of refiner bars, that .define. refinjBfe 
grooves therebetween, and a secondary refin- 
ing zone having a plurality of refiner bars dis- 
posed at an angle to the refiner bars of the pri- 
mary refining zone and which have refiner 
grooves therebetween disposed at angle rela- 
tive to the refiner grooves in the primary refining 
zone; 

b) rotating at least one of the refiner discs in 
one direction relative to the other one of the re- 
finer discs; 

c) introducing a stock slurry of fiber between the 
refiner discs; 

d) directing the stock slurry through the infeed 
grooves toward the primary refining zone; 

e) refining fiber in the stock slurry in the primary 
refining zone; 

f) changing the direction of flow of the stock 
slurry as it enters the secondary refining zone; 
and 

g) refining fiber in the stock slurry in the sec- 
ondary refining zone. 

28. The method of claim 27 further comprising provid- 
ing a third refining zone disposed radially outwardly 
of the secondary refining zone, the third refining 
zone comprised of a plurality of refiner grooves de- 
fining grooves therebetween at an angle relative to 
the grooves in the secondary refining zone, and af- 
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ter step g) the steps further comprising changing the 
direction of flow of the stock slurry as it enters the 
third refining zone and refining fiber in the stock slur- 
ry in the third refining zone. 

5 

29. The method of claim 27 further comprising provid- 
ing a breaker bar zone disposed radially inwardly of 
the infeed zone, the breaker bar zone comprised of 
a plurality of generally radially extending upraised 
breaker bars, and during step c) the breaker bars 10 
accelerate flow of the stock slurry in a radially out- 
ward direction. 

30. The method of claim 27 wherein in step b) at least 
one of the refiner discs is rotated in one direction w 
relative to the other of the refiner disc for a first du- 
ration of time and then the at least one of the refiner 
discs is rotated in an opposite direction relative to 
the other one of the refiner discs for a second du- 
ration of time. 20 
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